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ABSTRACT: This paper aims to reduce pollution emissions from ships, extend battery life, and improve the dynamics of en-
ergy storage systems under variable operating conditions. The battery system adopts a two-layer management strategy based on
empirical mode decomposition and fuzzy control. The lithium iron phosphate battery pack is used as the main power source to
bear the smooth power, and the super capacitor pack is used as the auxiliary power source to take the high frequency power. The
sample entropy is introduced to the power signa to evaluate. Compared with a single empirical mode strategy, the discharge
depth of the lithium iron phosphate battery pack after the fuzzy correction strategy is changed from 6.55% ~ 94.35% to 14.56%
~ 57.15%; the super capacitor pack discharge depth from 14.83% ~ 52.11% to 12.7% ~ 79.38%; the entropy value of the power
signal sample of the lithium iron phosphate battery pack decreases from 0.0182 to 0.0177. Under variable operating conditions,
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the above control strategy can reduce the average fuel consumption of the diesel engine under single operating conditions, re-

duce the impact of transient power on the storage battery, delay the aging rate of the battery, extend the battery life, and improve

the reliability of the marine energy storage system and environmental protection.

KEY WORDS: lithium ion battery; empirical mode; fuzzy control; battery life

BEEFHE L, Brie A A AR Z A B, 2
Wy A7 ol Ak A T8 e 2053 3 A B — U AR
MAFEEWMYI T, SRR IR 24t Sk R
EE bR, IR, IMO. BRHZE2H SUR 4k 5] A4 Fh
IR AT G, BR sk pyis g (kb it )
Sh, AT RS AR et R Skt
H 3 B Ol 2 BRI TRT A, 5 g T R Sk BT
I RS2 B i o 4 RS 4R UM HE — A AL B
H R AR R Y L SR PN AN A BE TR ACR , &
SCR 5 1002 Y HE AT 7 a3 ol e i g et

Shyiiek A A 446 F AR A ARG A5 AR TS UL, A A A%
RERG B AR RS Z 5] TS R ARk
it B8 HL R AR A 10 Ak e £ 41 25 1 3 g H SR B
TERMWERE T, HECICN . S FEamE. &
RER BT AR ANOR R MR VSRS 2R T
RN B E R SR, MEARILE T A [ AS ] 0k 00 b 25
i BB KA, ARG S ALE I TE AR T OB vk
PRERZ AT T BRI s X D), Sh—figRE i sh s i R 40
AR NBE R R, (S H IR % A RHRAL, T35
AR A AT I8 T 50t TG vE A S5 b 9% A K R 3 7S
ML, SRR e e, A I E R,
R, 40 s T IR . B A e TR
RN IR R N, B R YR ERE,
VFBRI KRR FE RO o R T BOAS I o b2 (] 9 ) A
il o 2 AR )RR PR S S — R B Al P, ORE
G5B K MU 2 T A B T B0 g e s A e b % i
RGeS fi P AR RE R AR T AT I ko

Jb 552 i K X A R A Xk BE R Gt R B4R
24 R 2 P 5 R R T S W ) BB I A
P, AL 7 v N B SERT R RGR A BE
TV T 2 A7 i SV o 5 765425 e s SR BB
FL 25 A A 5 i QB e 4 A AR S % i R Gk
IO X B B A S AR P B, (E R T 9 TR DL iR
BAEAREH T, KX EREA RS IR % 1
AR BT ORI S B L X 55 4 N O fige pe i e 3t
B JRIRR P I, $H LT NEDC 0656 9 H ) 2
BOVCHC 5, DA ok ZE R A F e i £ FH i, (R
SR B R T BRAE 2 ], i BB A IR AS 1 1 38 0L 3
Hp 7 B PR

EEXt LR, SCREE SR INGERE R G P EIA
G RE R EL, FET 155 7 FI A ) RO ey s e Pk e
it e R G0 A DOWUZ B 45 BRI, I3 1 S 56 K A5
TG IE % AF 5T B 6 S A 250 ol 25 A A0 6 B R 42 3h
25 e P B o

1 ARARGERE REgiit

T8 I B B A AR R B TAR Rk, Sebristy
I, 5 25 1845 B, HARGAR L R x &2 2%
PRI I 5 B A 7 A Y R A BTN 5 Ao S BT A T i
S IRHREE, FEALGETARGERE R S S AR 130
J3 L AR G A A L R E O e
B RO T T IgR I, B iR RE R e ek n
K 1.

HET
AL
G AL
AR

SEEEsist

AC
AC

K1 fifRe RGeS
Fig.1 Overall architecture of energy storage system

LR A B R A R T R AL R A
GRS R RBLAL, AT 4 ) il id DC/DC A5t
IR DA TLICRRER , FEp 5 85 B = A2 P2 P
5 ISR o AT RELR 15 U pL I T A 38
R A B
1.1 EEFIHHEMAEE

2y 7 e T R A T IO H A S AR R 2 A
WL AR AR i AR B A 1 3 L T A R
IR SR, TR R, ANl T T 30 Briscit i g
PRAL I R G 5 Jo e — RS A AL VR T o i
FEPERORERL, HAHS R 5, f il B0, REAR L Bl
R A Bl AR o SO SR T — Rl T Al B4 25 A% R B AR
B, HENE 2 s .

I
—_

—— W
O

v

@
P2 A A B

Fig.2 Simplified equivalent circuit model



F18E £ oW

PRS- R A b RE AR G A BRI UF S - 59 -

YRR R R E R (KVL), f:
V=V,+IR

SLAHLL I

By =VI

IESE

VI =VyI+1°R

fift Hh R R B Rk U

= (_Voc +\](V20c +4RPbat)
2R
FIARMATHURAS Osoc, & X NFIARA A
AU A Y LU AE -
d0soc 1
d Oy
Oba N HLIBAYHUE 251, WA .

Osoc(t) = Jg:)df +0Osoc(to)
at

1.2 EEFINEMAEELE

HL 1t 9 T 2% H8 S ( Open Circuit Voltage, OCV )
ST FRAE AN F BT A R Y T 67 s () A7 AE 79 1 H 3
22100 HF ML) Qsoc i 45 SR 3, 7 B 1
B BRI g R AR O B, — TR
FE TR AT OCV R, B fa st 25 C
) OCV L5 ECHE an &l 3 r 7 o F ith A LR R 480 vk
& HH HPPC ( Hybrid Pulse Power Characteristic ) {il]
TR K b T E L R SRR v R e R R Y AR Rk T
B SO T B R A L A B BT RE M A R 4 TR o

3.75

3.50 J

325L e

2
g 300+
3

275+

2.50 i

225530 40 60 80 100
Osoc/%
Bl 3 25 °CT#iREg4E OCcV
Fig.3 OCV of lithium iron phosphate at 25 C

0.0015

0.001 4L /\M
g
= 0.0013} o
g
2 0.0012}
pird
0.001 1}

0 20 40 60 80 100
Osod/ %
Kl 4 25 C T i ke RO Py BH b 2k
Fig.4 Ohmic internal resistance curve of lithium iron phos-
phate at 25 C

1.3 BREFTER

B A 2 ELA v R R R T L P A e A
AUA 28 M BH A RO R RN — S BB AL 45, [ B T 454
AT B . SRR Sy MRz T, AT ALZE A an &)
5 .

Bl 5 YAz MR 2
Fig.5 Classic resistance-capacitance model of supercapacitors

P P i T B L A

O
o
MIEH/RE R ER (KVL), Sk &IF
LA -

U=Ug—IR
R HL 25 L B R LS W] LAERIR A
R=f(I)
C=f)

I8 0% FL A ) ) FEPR A PT RL SRR
Q_Qconwmption
Q
BN YA AN RS BT LU i 1 g AT
A R ELPACH A 2 RN A2 A BT B L 2 )
KGR

1.4 AAREH R EE

PR E 2R GBS S e Ak 2 S e
WRAE AN B 25, WEARBTRE m . U v B BRI
IS T Z AR AN T G AR

mz—‘;: in(l—cl)—RmﬂS

o np WIRHER BB ;s oo MIRBHREG Riess
HEAABEL T o

T =Kn?D*p

Osoc =

Riogs = %CLDVZS + %Czpsz +%C3pv2Ar

b Ky AT RBG n WIRHER A D IR
T EAR s p AOKAYBERE s MRANBE ) A =543 ) 3%
INBEHERE ) . 240EBE T ez SRRy, € Chy G343
NI FRE ARIELL IR, AT AR S MRS R
AR R MR e e B ok R R R

2 fEEERGEIERME
(EFFRHIRAIRARE R S o, W BEXE AR R F )



- 60 -

202149 A

RG-SR AR, T R A e A LR
W o SCHR R FH A4 Al SR 3 DR KR, RIS AL AN
FEL Tt 2R 48 ) B A2 ) B PR Tt R G P AR TR 4 1, i 5
TR AT, S5 HOng E B, = KB, Bl
PRSI A PR | R b AR G AR AR B IR
PBIERT . SRS R LR 3 gk,

1) AT A T3 S L Tt P9 ey R A P R FE i
R A i B 98 D R

2) FEAR A AE v A L 1 10U E
S Has AT IR

3) WRFERERG MR (FTH ) BOR, ks
AL EATH T AE o

21 fEEERZKEHEREE

PO i B 2R 9T 1A 5 — 2 SR DA S AL H b AR
GElu] A RE A B SO B R SR MSR T T AL A
R AL BEAT DR S, BARDEAR B s D & L S i
HLA AT TS FE SR f B L TG AR ) R S 7E—
W B FEAR X B/ N D R AE, A TTT PR 2 i B 1 o
7T EAGE R X R P, A TR P45 T I FE R
AR

2.2 HMRFEEERE
2 e g

F Tt 2R 0 1 0 A RE 45 ORI SR T L T 4 A
/4% (EMD, Empirica Mode Decomposition) 177
AT B, GRS R — R R LY A 3 R AR
S AR A B 1 e AR R v R AR R R
55 B, HIFHEE N E NG5 50T EMD 43/
RAFANMERE K%L (IMF, Intrinsic Mode Function ),
EMD 4t B WA AR A& FRdRE AR 2 4
WA, — AR/ IME R — A KA 5 FEAS S 1 SR BB

g e R

SR R P AR ) P e ) ROBE e — W o, HLA7 ot
B SR B 5, D0 a] X B S o — vk B 22 SR A5k
5, RIEFHEE B RS R as R . i IMF 4y
RS MR AT S SRR (RN
1E Y JR S A M, 75 D58 I 33 AN S — A AR AE A b
B, BT AR S T . EMD S fig i ELAA
AR 6 TR .

B2 iIe AR RS T%E EMD /R,
WE 7 Fiw. mE 7 A, RiRfES (signal ) #4
h 6 3, 43 )2 IMR 1—5 )&% Residual i . IMR 1—5)
TR SZEAR U B /N, HEL Tt 28 56 P05 40 0 ik 11 DI ) 2 8 2%
FE 8 AR HE AU A, R Lt AR FELAPR AU A L A% T

WAFEE S0

WisE S(e) WMAE A
v
BA SO KL
SRESEIE M)
v
H(O)=S()-M(?)

H(n) W R4 =

=

Y
A

S@O=H(®
A

R()=S()~H(})
),
3

K6 Zgtaiso i fe
Fig.6 Empirical mode decomposition process

Empirical mode decomposition

10

_—

N

o- -
-10 _//

-20

2
O
-2

10 P
0
-10

10
0
-10

10

5
0

IMF4 IMF3 IMF2 IMF1 Slgnal

Ampiitude/(x10* W)

NO N

Rosldual IMF 5
O—NW

_

—T

| 1
500 1000 1500

1 1 1 1
2000 2500 3000 3500

A [E] /s

4000

K7 HibRGEIHEFS EMD K2
Fig.7 EMD layer of battery system power signal



#18% oM FHLAESE - R b BE AR S A BRI T - 61-

2.3 HEHIEIERM

A B Y 22 B RS S R TR B8 B i B i
FHL b R f i L 25 7 B0 S AT IR S (SOC), Mt
TCH S R G0 R AN G B R 1 B e AL R 1T
SCHSR FBOR 2 1 REH , HK A5 i T S P L D P 2
(9 SE i IR S (SOC) I 2 Bt 2501 4k 7 L 17 5

P=-100 SOCb=0.5 SOCc=0.5 k=0.552
1 1} S = [

AT TE IS 42 T SR 2 5 i, Tt 3R 8 1 B B E 1
BTG, RARIUR 73 B 4k B s HEL YL BT 20 D0 R L B RE
it FEL 75 4 14 S i R BR 28 LA % i B i F L ) 552 P Ay
RUIRSAE i AR, BE i L 548 BT 5 D o L Tt
RGN AHRE R K i i AS . R AR
B, AP BORI A , ARSI AL AN 8
B

|
[
L S — | | —"= = [
|

E
|

]
J
J
]
]
J
J
J
]

BCE=] | —y | =] [ 1
14 =0 =] | — ]
15 —=— | —
16 =1 | —— | = [ ) |
j = —  S—— =] [ )

;}
|
|

]
] ——=2 [ ( ] 25 ] =
) [ [—— [ ] 26 ] [ ] —
C——=2) | ——  —— [ | 27 ] [ ] [ ] [ ]
B  —— =]

P8 H il a1 IE AL

Fig.8 Amendment rules of fuzzy controller

2.4 BEXRFEITNREE

SCr R g BRI AL B AR AR S R IR 22
WA, R H A AR = A, BT I AFEA R X )
BAG S HATIAN o FEAR (A2 —Fld o FE ) R 55
rh P AR S SOARE 2 KN KR A 1t B () 81) 52 A 1 1 O
WARERS, HE el G S mech N MBS, 4l
LA (] 7571

{x(n)} = x(),x(2),...,x(N)

SRIG ¥ 5 s — A ECH m Wy R P8, 4
X, (i) ={x(@),x(+D,...,.x(i +m -1} J¥ 3 K X,
X, (2 Xy (N=m+D) o XL X, ()5 X, (j) RIEE A

d[X,, ), X, ()] = MaX oz 1 (x(i+ k)= x(j +k)])

XFHEN X @), HRHBEENT - 87 0k
H, e B, MTI<i<N-m, EX:

B"(r)=———8;
N-m-1

N-m

B() = 3 BI0)
i=1

BUE m=m+1, X THEMN X,,,,0) , THEHE
BEANF 097 ECH , IFielE 4, & L.

MmN 1

A=yt

m 1 N—mAm

A (”)—mé (r)

DUAEAR R 2 SN -

i g [ A"()
SampEn(m,r) = I\IIILQO{ I;{Bm o) J}
KA EAER m=2, B r=0.15* (UIR{E5E
PEbrfEm 22 ), T IR IRG S A

3 EXR

SCHRRIAIE 9 s i A T o0 s s i A7
DiECSAIE, PN AIRERE R OB . B R SRS AL B S
F LIt 2R G TR i EMD BEAT R0 40, BB i it
IS IBIE , X HUAE TE A S H i R G045 A USRS /Y
AL BRI AR RGN IIR A 10 iR .

5 -
£ M\
"
=4
3 -
2 L 1 L 1
0 1000 2000 3000

G

K9 Bt hn i K
Fig.9 Simulation of original ship speed data



62+ £ ar N EITR 2021 4% 9 A
EMD
100 sol.
= 0r 60 - EMD+E1E 1F|
< 8
¥ 8
B 10} S ol
—200 20 7 l . .
. . ) ) 0 1000 ‘2000 3000
0 1000 2000 3000 iTa]/s
it/ K13 EHHE Osoc 1B IERTE X H

K 10 HZEOAHBRMRSGIZR Fig.13 Osoc comparison of super capacitors

Fig.10 Battery system power split from the first layer
3.2 ZEWERSW

31 MELHER

F, b i i 2R 0 1 56 15 T LA R 0 S R T B
UIF, SR B — EMD S FHSEMS , SCERH AT
BOWIE IE ) EMD 45 BRI . F It W iR Osoc BN
80%, MMM Osoc WHEHN 75%., 71 AFEA

i X S B0 25 AT PEAL B B 5 A R an 1K
11—13 Fi7n,
EMD
100 - J
EMD+HRIEIE

=

00

=

~100 |
0 1000 2000 3000
ES

P11 R T b B IE IS X L
Fig.11 Comparison of lithium battery power

100

EMD-+E415 1E

80 | EMD

0 1000 2000 3000
i [El/s

K12 BB T Osoc B IERT)E X HE
Fig.12 Comparison of lithium battery Qsoc

A P b AT A DR e (WE 11) AT,
EMD 7t fa TIREBIERE AR KX S|, BIEE
() T 2 B Sk BTV, B oAt B A R AR (e
SKHy 0.0182 [l 0.0177. BB T H W& IERT S
Osoc XT L CULIE 12) AT, Hb B IE 5 A L IR
T BB H Sk 1) 6.55%~94.35%715  14.56%~57.15%.,,
HEBHRBABEIETS Osoc ¥ (WK 13) A%, 8
L AAE IE S Y R TR BE L R R Y 14.83%~
52.11%7% fy 12.7%~79.38%.,

F LA S5 SR, Balif) EMD SRS R % E fif
RE B Lt M L S BT IR S, Bk R R A RIX
(i) 70 5 R AL A o ASORH S 1 SR M T LUK L iR BB A 79
A, (BRI Y 2 AR IR TR, A
RN e 22 S Fe A1 F Tt 21 1Y BB FR R AN B G
Ry YR, b SR Tt FEA s, PTG L 2 Ak
R0 AR T} e 2 s AT IR
4 Z5iE
3 ETIF FE A AR A BE 2R G AR X T A% 4 4l 3l FE S
MatERE RGEm &, Al LI S ALE 17 T 2R T
FER MR D3 0 75 e HE . AR FL L R
PERERE S, BRA Lt A RR I SE 00 S AT T T A
GO A ASOR 06 1E SR e 5 L S 6 DA R Tt R 8 T 1)
Tk, b T ERRE T . AR AR . AR
GEI) A AR AR i . BT X BB S L T EM D AR 3L 45
e, SRHBEE RN DB IE, ORI T B a4
RS B o

SCH SR 1 Rt i BE R S04 B ORI RT3 A AN
A THLAAE T AT I RE R HEZS | W/ 3 T 00N SenipL
SF- R FE R, 7043 & At AE s L T 2L 1 15 B 1
R RN B8t FEL A5 A A1 0 5 T SRR . AR AR ELUR TR
R R B [T, sk i i v L LU B TR R, o
G A TR, DGR L AL AR, AE K H
From Y [RlBEBE T+ R Se sh A B PR RE , A VO T
AABLEN A i B TR T4



F18E £ oW

PRS- R A b RE AR G A BRI UF S - 63 -

SE -

(1]

(2]

(3]

(4]

(9]

(6]

(7]

(8]

(9]

[10]

(11]

FRERR. MR RS R IT & 54K [D]. At
Mz WL, 2017.

WANG Yao-lin. Development and optimization of high
efficient marine urea-SCR systemg[D]. Hangzhou: Zheji-
ang University, 2017.

AW, AU, R, A A RS E 2 i 3 1
ARG, FRBELRIR, 2015, 43(1): 64-66.

LI Li-ping, GAO Ying-nan, ZHOU Ting, et a. Control on
air pollution from ships by learning the American experi-
enceqJ]. Environmental protection, 2015, 43(1): 64-66.
Ty K. EEDI BHCRIATASEHELT. Tk, 2009(8):
62-65.

WANG Fen-liang. Ship emission reduction in the era of
EEDI[J]. China ship survey, 2009(8): 62-65.

XHR. B TR A L SBER AN L E RS
RN BERRLG A T S R GUR[D). dbat dbsaisg
WK, 2018.

LIU Yue-chen. Energy Efficiency& Consumption analysis
and system optimization of lithium ion battery bus system
and supercapacitor bus system[D]. Beijing: Beijing
Jiaotong University, 2018.

Wi, S5 i RE R TR MR B g e R R 2 rh i 1 DF
5%[D]. B B T K%, 2017.

YANG Cheng. Study on the application of hybrid energy
storage device in the marine electric propulsion sys
tem[D]. Wuhan: Wuhan University of Technology, 2017.
BEGE, KNFHH, sk, 5 KPR T AR
AR ES GRITETII. R TR (A AR
#hR), 2016, 44(3): 51-59.

LUO Yu-tao, LIU Xiu-tian, LIANG Wei-giang, et a. De-
sign of hybrid power system for prolonging lifespan of
lithium-ion battery applied to electric vehicles[J]. Journal
of South China university of technology (natura science
edition), 2016, 44(3): 51-59.

JAVESE, BRAS, Wiy, % BRERG S MHR#HGE
RG] A FAEE T, 2018, 15(12): 55-59.
ZHOU Shi-yao, CHEN Zi-giang, HUANG De-yang, €t al.
Energy storage system of mild hybrid ship[J]. Equipment
environmental engineering, 2018, 15(12): 55-59.

SONG Zi-you, HOFMANN H, LI Jian-qiu, et al. Optimi-
zation for a hybrid energy storage system in electric vehi-
cles using dynamic programing approach[J]. Applied en-
ergy, 2015, 139: 151-162.

BEY), BREGR, FBE S, ISR B PREE T B a1
HiE W SOC filiit ik, $e4s 5 T2, 2018, 15(12):
28-34.

HUANG De-yang, CHEN Zi-giang, ZHENG Chang-wen.
SOC adaptive estimation method for Li-ion battery ap-
plied in temperature-varying condition[J]. Equipment en-
vironmental engineering, 2018, 15(12): 28-34.

JATESE, BRASR, KA, . WFRGES T8
PR AURR P[], B RS KA ARk, 2019,
53(1): 49-54.

ZHOU Shi-yao, CHEN Zi-giang, ZHENG Chang-wen, et
al. Electrical characteristics of power lithium-ion batteries
for full ocean depth submersible]J]. Journal of Shanghai
Jiao Tong university, 2019, 53(1): 49-54.

SRAGIL, #A, X, 5. Fhib SEIL AR AR

(12]

(13]

(14]

(19]

(16]

(17]

(18]

(19]

[20]

RO R[], TR 4, 2014, 29(4):
334-340.

ZHANG Chun-jiang, DONG Jie, LIU Jun, et a. A control
strategy for battery-ultracapacitor hybrid energy storage
system[J]. Transactions of China electrotechnical society,
2014, 29(4): 334-340.

J e & AEAR IR A S ) R S E(D]. i
RS R, 2014,

X1 Long-fei. Modeling and simulation research of marine
diesel-electric hybrid system[D]. Shanghai: Shanghai Jiao
Tong University, 2014.

EER, REA, i, ARG S NMNRE R R
SRR R[], HIREOR, 2016, 40(9): 1859-1862.
LAN Xi, SHEN Ai-di, GAO Di-ju, et a. Optimal control
of hybrid ship energy management system[J]. Chinese
journal of power sources, 2016, 40(9): 1859-1862.

TRFF. SRR = KB R 5L 2 S EURAL T FEOFFY
[D]. dbxt: desmtEl TR, 2015.

XU Dan. Multi-parameters optimization matching study
of diesel engine combustion chamber and fuel injection
system[D]. Beijing: Beijing Institute of Technology, 2015.
ZHANG Jing-ling, HUANG Dawen, YANG Jian-hua, et
al. Redlizing the empirical mode decomposition by the
adaptive stochastic resonance in a new periodical model
and its application in bearing fault diagnosis]J]. Journal of
mechanical science and technology, 2017, 31(10):
4599-4610.

SRR, A, RO, . R T RIS RS /N
VoA ARSS & i KU D3P R (3. W RGP
5z, 2016, 44(24): 9-16.

SHI Lin-jun, ZHOU Jia-jia, WEN Rong-chao, et a. Power
smoothing control of wind power based on combination
of empirical mode decomposition and wavelet analysig[J].
Power system protection and control, 2016, 44(24): 9-16.
ERDINC O, VURAL B, UZUNOGLU M. A wave
let-fuzzy logic based energy management strategy for a
fuel cell/battery/ultra-capacitor hybrid vehicular power
system[J]. Journal of power sources, 2009, 194(1):
369-380.

WIIL, s, FRESE, . AR S HLE T i b A
RER G BCIISE[]]. B4 PAEE TR, 2018, 15(12):
16-22.

LEI Kebing, TANG Xu-jing, ZHOU Shi-yao, et al.
Power alocation of energy storage system for marine hy-
brid lithium ion battery[J]. Equipment environmental en-
gineering, 2018, 15(12): 16-22.

BEZ, B, — B TR Y RS R 2 B 5
1. Pesh 5 e, 2012, 31(6): 136-140, 154.

ZHAO Zhi-hong, YANG Shao-pu. Sample entropy-based
roller bearing fault diagnosis method[J]. Journal of vibra-
tion and shock, 2012, 31(6): 136-140, 154.

XIMa, BRATR, EiEY, % BTSRRI R Y
BTN, RiEsSE KA #4R, 2019, 53(9):
1058-1065.

LIU Jian, CHEN Zi-giang, HUANG De-yang, €t d. Re-
maining useful life prediction for lithium-ion batteries
based on time interval of equal charging voltage differ-
encelJ]. Journa of Shanghai Jiao Tong university, 2019,
53(9): 1058-1065.



